Objectives: The objectives of this study were to assess clinicians' knowledge about evaluating possible cardiac arrest patients and recognising cardiac arrest, to assess clinicians' knowledge about appropriate decisions and actions during cardiopulmonary resuscitation (CPR), and to determine which advanced life support courses had been undertaken and whether they were still valid.
Introduction
Sudden cardiac arrest is a catastrophic medical emergency that may occur at any time in the hospital or pre-hospital setting. Cardiopulmonary resuscitation (CPR) and basic life support (BLS) are important life-saving, first-aid skills. CPR is an emergency procedure that is performed in an effort to manually preserve intact brain function until further measures can be taken to restore spontaneous blood circulation and breathing in the person who is experiencing the cardiac arrest. It involves chest compressions and artificial respiration.
1 BLS refers to the maintenance of airway patency and the support of breathing and circulation without the use of equipment, other than a protective device. 2 Therefore, knowledge of CPR is crucial to the improvement of patient survival. It is especially important that medical staff have adequate knowledge of CPR as they may be confronted with a patient in cardiac arrest during their duties.
Epidemiology of sudden death
Sudden cardiac death is a major health problem in most countries. Sudden unexpected death is defined as death within 24 hours of symptom onset in a previously functional individual. 3 Cardiac arrest is defined as "cessation of cardiac mechanical activity, confirmed by the absence of detectable pulse, unresponsiveness, and apnoea, or agonal, gasping respirations". 4 Sudden death accounts for one third of all nontraumatic deaths. Most occur outside the hospital. Seventy-five per cent of sudden nontraumatic deaths are attributed to cardiovascular disease. The remaining 25% are attributed to noncardiac causes. The incidence of sudden death is about 0.
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Coronary artery disease is the most common pathological condition that is found in patients who die suddenly. Other cardiac causes include cardiomyopathy and specific structural abnormalities, such as valvular heart disease. Noncardiac causes include respiratory failure, circulatory obstruction and hypovolaemia, metabolic and toxic causes. The most common metabolic cause of cardiac arrest is hyperkalaemia. 5 
Management of cardiac arrest
The only clinically feasible interventions that have consistently been shown to improve survival from cardiac arrest are early CPR, early defibrillation, CPR before defibrillation after prolonged arrest, and prolonged hypothermia induced after the return of spontaneous circulation. 6 
History of cardiopulmonary resuscitation
Techniques were developed in the 18 th century to keep people alive. The Society for the Recovery of Drowned Persons in Amsterdam was the first organised effort to respond to sudden death and claimed that people were saved by their recommendations. 7 Notices were read in churches that described the assistance that would need to be given to drowned, strangled and frozen people, as well as to those who were overcome by noxious gases. These recommendations were probably the first example of mass medical training. Rescue societies of the 18 th century were the precursors of today's emergency medical services (EMS). Over the next 150 years, scientists and charlatans advocated hundreds of resuscitation techniques.
In 1954, James Elam was the first to demonstrate experimentally that CPR was a sound technique, and together with Dr Peter Safar, they demonstrated its superiority to previous methods. Safar wrote the book ABC of resuscitation 8 in 1957 and collaborated with Norwegian toy maker, Åsmund Laerdal, to create "Resusci Anne," the CPR training mannequin. Safar combined mouth-to-mouth breathing and closed-chest cardiac massage to become the BLS method of CPR. 8 The first successful electrical reversal of ventricular fibrillation (VF) by externally applied paddles was reported by Zoll in 1956. 9 Modern elements of resuscitation for sudden cardiac arrest are CPR (which consists of mouth-to-mouth ventilation and chest compression), defibrillation and EMS (the means to bring these techniques to the patient quickly).
Effectiveness of cardiopulmonary resuscitation
CPR does not "bring anyone back". Effective CPR helps by circulating oxygenated blood. Therefore, tissue death is delayed and the brief window of opportunity for successful resuscitation without permanent brain damage extended. Usually, advanced life support (ALS), especially defibrillation, is needed to restore a viable rhythm. The arrival of the automated external defibrillator meant that defibrillation now forms part of BLS. 6 Many studies have examined CPR in specific communities. While they have shown varying rates of success, all are consistent in showing the benefits of early CPR. Early CPR and defibrillation that are instituted within the first 3-5 minutes after collapse, in conjunction with early advanced care, can result in higher (greater than 50%) long-term survival rates for witnessed VF. 10 When cardiac arrest is witnessed in hospital, there are a higher proportion of patients who achieve return of spontaneous circulation (ROSC) and who ultimately survive to be discharged from hospital, than those who experience unwitnessed in-hospital cardiac arrest ( Table I) . The reasons for this may include medical staff being unable to primarily address the cause of the cardiac arrest, or may be as a result of the patient's pre-existing co-morbidities and poor physiological reserve. 11 Bystander resuscitation has a far lower percentage of ROSC and survival than inhospital resuscitation. 12 Table I clearly demonstrates the considerable impact early that defibrillation has on both the ROSC and survival of patients. greater success rate over standard CPR. 14 In March 2007, a Japanese study presented strong evidence that compressing the chest, not mouth-to-mouth ventilation, was the key to helping someone recover from cardiac arrest. 15 On 30 March 2008, the AHA broke away from the ILCOR position and stated that compression-only CPR works as well as, and sometimes better than, traditional CPR. 16 In 2010, ILCOR published new guidelines incorporating this. 17 The next scheduled revision of the guidelines is in 2015.
Challenges with cardiopulmonary resuscitation
The majority of people do not survive cardiac arrest. Few people receive CPR and fewer receive high-quality CPR. 18 High-quality CPR is defined as compressions at a rate of at least 100 compressions per minute ("push hard, push fast"), allowing full chest recoil after each compression, minimising interruptions in chest compressions and avoiding hyperventilation. 6 Populations who are trained in CPR are essential for survival of the patient with cardiac arrest. 6 Medical literature reveals that most out-of-hospital cardiopulmonary arrest victims do not receive any bystander CPR and healthcare providers deliver suboptimal BLS and ALS during actual cardiopulmonary arrests, both in and out of the hospital. 6, 18 The discrepancies between the current state of evidencebased resuscitation guidelines and the quality of delivered BLS and ALS represent a missed opportunity and provide a significant target for optimising patient outcomes through improved educational effectiveness.
Cardiopulmonary resuscitation knowledge and skill
It is assumed that doctors are competent in CPR, but studies have indicated that there is poor retention of both knowledge and skills in this area. [19] [20] [21] [22] Ragavan et al demonstrated that the level of knowledge and skills in basic resuscitation among medical practitioners in public hospitals in Northern province were poor and that resuscitation experience without training was not found to be beneficial. 22 Although accurate knowledge of guidelines is associated with increased odds of correct performance of aspects of CPR, overall performance remains poor. 23 
Cardiopulmonary resuscitation training
According to the literature, retention of CPR skills is poor, regardless of the teaching method. Einspruch et al demonstrated that generally, self-trained subjects demonstrated CPR skill retention equivalent to that of AHA Heartsaver-trained subjects. 24 Although that may be true, the medical community strives to advance CPR education by investigating methods to attain and retain skills and make CPR education readily accessible to all.
Nearly all CPR instruction takes place in organised classes that are led by a specially trained instructor. The premise of having instructors supervise trainee skill practice and assess mastery is that the instructors can improve trainee skill levels with feedback and can assure that trainees perform the CPR skills competently. Braslow's study of AHA instructors showed that instructors lack sufficient knowledge to teach the classes, that they deviate in many ways from recommended teaching practices and that they may teach important skills incorrectly. 25 Kaye et al, in an in-depth study of AHA and American Red Cross training classes, raised serious doubts about the role played by instructors in supporting and evaluating trainee skill mastery. 26 Because the presumed role of the instructor in providing quality control has been challenged, another area to explore would be models for CPR instruction that do not use a trained instructor, such as self-training, automated training and peer training. 27 The literature documents elements that are important to incorporate into future training programmes. These include reducing course duration 28 and distributing practice sessions over time, using modular self-training courses, and maximising time spent in deliberate practice of CPR and other resuscitation skills on manikins. 27, 28 Other important elements include providing targeted feedback, 27 constructing mock scenarios 29 that match the learner's usual clinical practice and integrating simulation 18 that is compatible with specified educational objectives.
Resuscitation experience without feedback increases confidence, not skill. 22, 30 Experience is no substitute for training. Castle et al highlighted that a structured resuscitation training programme resulted in a noticeable improvement in BLS skills. 31 Waisman et al found that the Paediatric Advanced Life Support (PALS) course significantly increased immediate short-term knowledge. They gave their support to the use of PALS as an educational tool. 32 Lowenstein et al concluded that long-term survival after inpatient cardiac arrest was significantly increased (from 13-23%) with Advanced Cardiac Life Support trained staff. 33 The evidence that knowledge and skills deteriorate if no revision courses are taken was reiterated in a study of 31 physicians in Canada whose resuscitation skills were measured six months after initial training. By that time, their skills and knowledge had deteriorated to pre-training levels. 34 The optimal timing of retraining is an important issue to resolve because healthcare providers and laypeople often find it difficult to schedule initial CPR training, much less timely and efficient refresher courses.
A survey of doctors with ALS training indicated that 73% found CPR to be stressful. It was statistically proven that six-monthly training and updates were associated with less stress and increased confidence. 35 Berden et al also S Afr Fam Pract 2012
concluded that reinstruction at six-monthly intervals was sufficient to maintain adequate skills. 36 Ragavan et al recommended mandatory formal training in resuscitation at undergraduate and postgraduate level, with refresher courses held every two years. 22 This is also the AHA's recommendation. 10 
Problem statement
Anecdotal reports indicate that doctors working in clinical disciplines have inadequate knowledge of CPR. This has not been proven by research.
Motivation for this study
No such study has been conducted in a South African tertiary hospital setting. Currently, it is possible to specialise at the University of Pretoria in most clinical disciplines without adequate CPR knowledge. 37 The only exceptions are the specialities of Emergency Medicine and General Surgery. Surgery candidates are expected to have a valid Advanced Trauma Life Support certificate. 37 The demonstration of inadequate CPR knowledge in our tertiary hospital could be used as a motivation for a change in training programmes and to develop alternative CPR training programmes that might be less expensive and more accessible than available existing courses for clinicians.
Ultimately, better-trained rescuers mean more lives saved.
Method
A descriptive, cross-sectional study design was used. Medical doctors working in clinical disciplines at a South African tertiary hospital were chosen as the study population. Convenience sampling was carried out.
Inclusion criteria were doctors (interns, medical officers and registrars) working in Anaesthesiology, Emergency Medicine, Internal Medicine, Neurology, Obstetrics and Gynaecology, Orthopaedics, Paediatrics, General Surgery, Neurosurgery, Thoracic Surgery and Urology.
Exclusion criteria were medical students, consultants and doctors who refused to give their consent or did not attend departmental meetings.
The proportion of clinicians with adequate knowledge was estimated to accuracy within 10% from a sample of at least 97 participants, with 95% confidence.
Each clinical discipline's meeting was attended once during the period from September 2010 to January 2011. Every doctor who was eligible for the study was invited to participate and those who were willing were included until a sample of 100 was obtained.
Measurement
A self-administered, close-ended questionnaire was used. Section A included demographic details (data information sheet) and Section B covered general resuscitation (evaluation and identification of a patient requiring assistance and decisions and actions taken), as well as adult CPR (decisions and actions) and paediatric CPR (decisions and actions).
The questionnaire was derived from a standard reference, namely the AHA guidelines for CPR and emergency cardiac care. 1, 6 The questions were based on the course content of the AHA BLS course and were validated by an experienced AHA BLS instructor. A minimum score of 84% defined adequate knowledge (as outlined in the AHA BLS courses).
Ethical considerations
The study was approved by the University of Pretoria's research ethics committee and permission was obtained from the hospital CEO. All the requirements of this committee were fulfilled, including those with regard to informed consent (participant information leaflet), anonymity and confidentiality.
All participant information was confidential. Only the researcher and the statistician had access to the raw data. Upon completion of the study, the data were stored in a research store facility with controlled access within the Department of Family Medicine.
Data analysis
Descriptive statistics were used on the data and are presented as graphs and tables. The proportion of clinicians with adequate knowledge was expressed as a percentage and a 95% confidence interval (CI). Each item (question) in the questionnaire was summarised as a proportion or percentage and this information was utilised to address aspects of CPR.
Results
Of the 100 doctors who participated, 50 were male and 50 female (incidentally), with a mean age of 30.3 years (95% CI: 29.6-31.1). Figure 1 shows the year in which the participants received their pregraduate qualification. The majority were senior registrars (41). Fifteen were medical officers (see Figure 2 ). The clinical disciplines that participated and the number of doctors from each department are set out in Table II . For the analysis, all the surgical disciplines were grouped together. The interns were viewed as a separate group.
Eighty-eight participants admitted to having resuscitation experience, while only 80 had formal resuscitation training, of which only some was still valid (see Table III ).
Using the minimum score of 84%, it was disappointing to note that none of the participants demonstrated adequate knowledge (see Table IV ). Even after breaking down the score components and having looked at the responses to each question, inadequacies were still apparent (see Tables  IV and V) . Figure 2 : Proportion of participants according to capacity Tables VI to IX show the scores of the individual disciplines. 
Discussion
The results of this study, which indicate a significant lack in the retention of knowledge of CPR, were surprising. Considering that the majority of participants were senior doctors in their discipline (see Figure 2 ) and that 80% of them had some resuscitation training (see Table III ), and more importantly that 88% admitted to having resuscitation experience, better scores were expected. These results are similar to studies that indicated poor retention of both knowledge and skills in this area. [19] [20] [21] [22] Brown et al demonstrated that accurate knowledge of guidelines was associated with increased odds of correct performance of some aspects of CPR. This raises considerable concern about the effectiveness of CPR that is performed by clinicians. 23 Emergency Medicine had the best total score of 55% (95% CI: 45.6; 64.4). Emergency Medicine also had the best score in all the parts, except Part 3 (paediatric CPR), in which Anaesthesia scored the highest, with a mean of 60% (95% CI: 44.6; 75.4). This may indicate the greater emphasis that is placed on CPR skills in disciplines such as Emergency Medicine and Anaesthesia.
However, the CI in some groups overlapped. The difference might not be statistically significant. For this reason, in order to draw valid conclusions about differences in the obtained results from the clinical disciplines, a larger sample size is needed and might be motivation for further research.
The spread of medical staff who were surveyed reflects the general pattern of medical staff in the hospital. However, this is a variable and may change due to the intake of inexperienced registrars and the departure of experienced registrars. It might also alter during clinical exams.
Notably, the interns scored comparatively well with the more senior doctors in the hospital, coming fourth overall, with a total score of 36.6% (95% CI: 29.7; 43.5). This might indicate that they had retained some CPR training and skills from their undergraduate studies which they had completed more recently than the other participants.
With regard to the individual questions, Question 3 concerned aspects of checking the pulse. This had the lowest score. Only 4% (95% CI: 0.1; 7.9) answered it correctly (see Table V ). This confirms that pulse checks are often carried out incorrectly by trained healthcare workers and are no longer recommended for lay rescuers. 6, 38 It is interesting to note that in response to Question 4, regarding which first-aid equipment should be prioritised, 68 participants answered that airway and oxygen equipment should take priority. This might suggest that participants were unaware of the new guidelines that de-emphasise airway and ventilation early on in CPR. 16, 17 The main finding of this study was that all doctors who participated performed poorly. The mean total score was 35.1% (95% CI: 31.7; 38.6). This score is far below what was expected, namely 84%.
It appears that the existing training structures for CPR are inadequate for doctors at this facility.
Limitations
This study was limited to the doctors who attended the respected departmental meetings and those who consented until a sample size of 100 was reached.
The study was conducted by a single investigator using a questionnaire that was based on the course content of the AHA BLS course and validated by an experienced AHA BLS instructor.
There was a period in which data was not collected due to university examinations.
The interns who participated in October 2010 might have had more experience than those who participated in January 2011 (the beginning of intern rotations). This might have impacted on the study.
Recommendations
Existing CPR training structures need to be revised in order to equip doctors with better CPR knowledge.
It is recommended that programme directors of clinical specialties place more emphasis on CPR in their training programmes and syllabi.
The development of appropriate, accessible, inexpensive CPR training programmes is recommended.
A similar study, using a larger sample size, is needed in order to make valid conclusions about the differences in the obtained results from the clinical disciplines.
Conclusion
Participants' knowledge of resuscitation was disappointingly poor. Considering that the majority of participants were senior doctors in their discipline, and that a high percentage had some resuscitation training and resuscitation experience, better scores were expected. This raises considerable concern about the effectiveness of CPR that is performed by some clinicians. The introduction of routine and periodic CPR training programmes should be mandatory for all clinical specialties and should be integrated as part of the existing syllabus. This should include all categories of staff, including registrars, medical officers, interns and nurses. It should be a requirement that senior registrars and senior medical officers have valid training certificates in CPR. They should set an example to their junior colleagues. At some point in their careers, medical staff will be confronted by a patient in need of resuscitation, so adequate CPR and BLS knowledge and skills are imperative to patient outcome and survival. CPR saves lives. This study highlights the need for adequate training of clinicians in the skill of resuscitation and the importance of developing appropriate CPR training programmes that are accessible, innovative and inexpensive. Ultimately, better-trained rescuers mean more lives saved.
